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Abstract
The ESS-Bilbao proton accelerator and neutron producing target will become an international reference in compact neutron
sources. This facility will require a proton Beam-Dump during accelerator testing and tuning. A copper Beam-Dump has been
designed and will be prototyped in the next few months. Its design is based on existing concepts (mainly PSI and SPIRAL2), and
it has been optimized to withstand ESS-Bilbao beam conditions while removing the heat deposition by means of water channels.
This work presents the complete beam dump conceptual design, as well as an overview of the methodology and codes developed
to tackle the design of components where particle transport simulations, thermal hydraulics and thermomechanical analysis are
equally important.
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1. Design baseline
The Beam Dump will be the component in charge of stopping the proton beam and dissipating its energy whenever
the beam is not directed to the Target Station. Hence, the characteristics of the beam are critical in order to select a
beam dump concept and to dimension it. These characteristics are summarized by the beam parameters listed on Table
1. At the moment of starting the Beam Dump design, some of these beam parameters were not accurately deﬁned,
and only a probable range for their values had been deﬁned. In these cases, the value resulting in the highest energy
∗ Corresponding author.
E-mail address: fernando.sordo@essbilbao.org
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of UCANS III and UCANS IV
 F. Martı´nez et al. /  Physics Procedia  60 ( 2014 )  138 – 143 139
Table 1. Beam parameters [Abad et al. (2011)]
Proton Energy 50-60 MeV
Pulse length 0.3-1.5 ms
Pulse frequency 20-50 Hz
Peak current 75 mA
Average current 2-5 mA
Fig. 1. Illustration of Beam Dump concept
density has been used, leading to a conservative design.
Given the previously listed parameters of the pulsed proton beam at the end of the accelerator, it can be estimated
that total beam power to be dissipated at the beam dump is 300 kW (5 mA and 60 MeV).
Other important beam characteristics are its proﬁle and total footprint. Regarding these aspects, a circular cross
section has been assumed, with a maximum beam radius of 5 cm. The exact beam proﬁle is unknown yet, but it could
range from a pointed Gaussian distribution to a ﬂatter parabolic proﬁle. In each case, the most unfavorable assumption
has been made, again leading to a conservative design.
2. Design concept
Among all reviewed beam dump concepts, the most suitable one has been selected, according to proton energy,
expected power density and usage. This concept consists of several copper-made cylindrical hollow sections. Given
that each section has a conical hole in its center, when all of these cylindrical sections are attached to one another, they
conform a conical surface of decreasing radius that will be the proton impact surface. heat will be deposited on this
large surface and removed by helical water channels embedded in the diﬀerent copper sections. Sections are attached
to one another by high vacuum ﬂanges. Figure 1 shows the diﬀerent parts of this concept.
3. Methodology
The ﬁrst step towards designing the ESS-Bilbao Beam Dump has been to perform two sets of preliminary calcula-
tions:
3.1. Preliminary geometry deﬁnition
The ﬁrst set of calculations consisted of an estimation of main dimensions for each Beam Dump section, assuming
as a design criterion that there should be a constant heat ﬂux on the Beam Dump inner conical surface. As a result of
this constraint, the conical angles of each sections were determined for a constant heat ﬂux of 1 MWm2 . Basic dimensions
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Fig. 2. Cooling channels from a section
of each Beam Dump section are listed on Table 2.
Table 2. Basic dimensions of Beam Dump sections
Section L rA rB P
[cm] [mm] [mm] [kW]
0 - - 2 1.1
I 25 2 4 3.3
II 35 4 8 12.9
III 40 8 13 26.5
IV 40 13 18 35.5
V 40 18 24 48.7
VI 40 24 33 73.9
VII 40 33 50 98.0
Taking these results into account, a total length of around 2.5m would be required.
3.2. Preliminary cooling analysis
The second set of calculations consisted of an analysis of the cooling system. Its objective is to determine whether
helical water channels can remove the beam energy deposited on each section. The analysis consisted of the applica-
tion of heat transfer equations and energy balances, in order to estimate maximum temperatures at the copper-water
interface. The following conclusions were drawn from the analysis:
• A double helix, instead of a single helix, will provide cooling advantages: redundancy and double mass ﬂow
rate with constant water velocity.
• Parallel ﬂow channels, instead of counterﬂow, minimize maximum channel surface temperature, if inlets are
placed closest to the hottest point.
A detailed view of cooling channels from a section is shown in Figure 2.
It can be observed that each section will be manufactured in two pieces. Channels will be carved outside a cylin-
drical piece, then this piece will be welded to a cover, conforming the channels.
3.3. Coupled simulations
Along with designing the ESS-Bilbao Beam Dump, a methodology to approach the design of coupled components,
where particle transport, thermal hydraulic phenomena and thermomechanical analysis must be taken into account, has
been developed. This methodology consists of the coupling, by means of a custom-made computer code, of MCNPX,
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Fig. 3. Coupled simulations methodology
Fig. 4. Results from a series of optimization simulations
a CFD solver and a FEM tool. The code governs the ﬂow of information and interfaces of the diﬀerent programs in-
volved in the process, allowing for parametric analysis. Figure 3 shows a ﬂowchart that summarized this methodology.
4. Parametric optimization
Once the main dimensions of each section has been deﬁned with preliminary calculations, the remaining param-
eters of each section have to be optimized, using the coupled analysis tool. These parameters include, for example,
number of helical turns per section, wall thicknesses, channel cross-section dimensions, etc. For each of these pa-
rameters, a set of simulations is launched, with diﬀerent values for the parameter. Results, such as maximum stress,
maximum copper temperature and maximum wall temperature, are stored and compared, obtaining the optimal value
of a parameter. This process is replicated for the remaining parameters, resulting, ﬁnally, in a design that has been si-
multaneously optimized from the point of view of temperature and stress. An example of results from an optimization
process is shown in Figure 4.
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On the other hand, the coupled analysis tool can also automatically provide with temperature ﬁeld or stress ﬁeld
images. One of them is shown as an example in Figure 5.
Fig. 5. Stress results for a particular optimized section
Using this procedure, sections I to VII have been completely designed and deﬁned. However, section 0 remains to
be deﬁned, and this will be covered in the next Section.
5. Section 0 design
Because of its particular characteristics, section 0 was not designed using the coupled design tool. Its geometry
is not analogous to the other sections because section 0 has to stop the center of the beam, so it has to deal with the
highest energy density and it does not let any part of the beam pass through it.
Instead of using the coupled design tool, the concept for section 0 was optimized by iterating until a satisfactory
solution was found.
The ﬁnal design after several iterations is shown in Figure 6. Given that the beam center involves the highest power
density, a tungsten block has been placed in the center of section 0. This tungsten block consists of two pieces that
are embedded in a copper body and welded to it. Similarly to the other sections, helical water channels remove heat
from the solid pieces and two covers complete the section.
6. Results
After completing the design of section 0, the design of the whole Beam Dump has been ﬁnished. Table 3 summa-
rized the results for all Beam Dump sections.
 F. Martı´nez et al. /  Physics Procedia  60 ( 2014 )  138 – 143 143
Fig. 6. Final design for section 0
Table 3. Final results of Beam Dump sections
Section σmax Tmax Twall
[MPa] [K] [K]
I 60.5 345 325
II 97.2 376 345
III 109.0 402 362
IV 88.6 400 363
V 92.9 406 365
VI 109.0 389 356
VII 62.4 381 350
VIII 84.8 403 362
7. Conclusions and further work
This work has presented the developments in designing the ESS-Bilbao Beam Dump. Combining the application
of basic principles with advance particle transpor, CFD and FEM coupled simulations, the device has been designed.
It consists of a series of eight copper sections and one copper-tungsten section, for a total beam power of up to 300 kW.
Some tasks remain to be completed in the next few months. In particular, the following can be remarked:
• Prototyping of the Beam Dump sections will begin in the next few months. Once prototyped, a test campaign
will be carried out to validate results obtained in simulations.
• Accidental scenerios, such as loss of coolant, overfocused beam or misaligned beam, will be analysed.
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